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Introduction
Let V be a finite set, where |V | is denoted by n. A singleton set {v} may be written as v. Let (resp., + and − ) be the set of reals (resp., nonnegative reals and nonpositive reals), and let V (resp., V + and V − ) be the set of n-dimensional real vectors (resp., nonnegative real vectors and nonpositive real vectors) on a ground set V . A set function f on V is a function f : 2 V → . For a vector z ∈ V and a subset X ⊆ V , we denote i∈X z(i) by z(X). Such a function z : 2 V → is called modular. A function f is called fully (resp., intersecting, crossing) submodular if it satisfies the following inequality
holds for every (resp., intersecting, crossing) pair of sets X, Y ⊆ V . A function f is called fully (resp., intersecting, crossing) 
holds for all X ⊆ V . In this paper, we call a function f fully (resp., intersecting, crossing) posi-modular if
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K. holds for every (resp., intersecting, crossing) pair of sets X, Y ⊆ V [6]. An f is called fully (resp., intersecting, crossing) nega-modular if −f is fully (resp., intersecting, crossing) posi-modular. Any modular function z such that z(i) ≥ 0 for all i ∈ V is posi-modular. Also a symmetric fully submodular function f is fully posi-modular. However, the converse is not generally true. A pair (V, f ) of a finite set V and a set function f on V is called a system. The optimization in a system (V, f ) has been much studied, such as:
+ is a given constant vector. For fully submodular functions f , Problem 1 appears in many applications [5] . Given a system (V, g), a dual type of this problem is stated as follows:
(where we may also impose an additional constraint t(V ) = g(V )). Problem 2 with a certain supermodular function g appears in the edge-connectivity augmentation problem [1, 3] and the problem of computing the core of a convex game [8] . The above Problems 1 and 2 are generalized into the following common formulation. For two set functions g and f on V , and vectors d 1 , d 2 ∈ V + , we consider:
In this paper, we consider Problems 1-3 with intersecting submodular and posi-modular functions f and −g.
Before going into details, let us explain an application of Problem 2 to the edge-connectivity augmentation problem. Let N = (V, E, c) be an undirected complete network with a vertex set V , an edge set E = V × V and an edge weight function c :
. It is known (and easy to see) that the cut function f N is symmetric and fully submodular. The edge-connectivity augmentation problem asks to increase edge weights c to obtain a k-edge-connected network N (i.e., f N (X) ≥ k holds for all X ∈ 2 V − {∅, V }). Frank [3] introduced an additional constraint to this problem, the degree constraint: Given a vector d ∈ V + , the output k-edge-connected network N is required to satisfy e∈E(i) (c (e) − c(e)) ≤ d(i) for all i ∈ V , where E(i) denotes the set of edges incident to a vertex i. The problem can be formulated as Problem 2 by using the following result.
